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SPECIFICATION 
SAMPLE TEMPERATURE REGULATOR 



TECHNICAL FIELD 

The present invention relates to a sample temperature 
regulator for regulating temperatures of samples in 
containers such as test tubes, micro-tubes, micro-plates 
and flasks at preset levels respectively. This temperature 
regulator is utilized in reacting sections of thermostats 
and organic synthesizers. 

BACKGROUND ART 

Such temperature regulator frequently used includes 
one composed essentially of an aluminum block, and there 
is known one in which the aluminum block is heated with a 
heater or one in which the aluminum block is cooled with a 
refrigerant flowing through a refrigerant channel. There 
is another type of temperature regulator which carries out 
both heating and cooling in one aluminum block for 
applications in tests which require cooling after heating 
or vice versa. The temperature regulator carrying out both 
heating and cooling in one aluminum block includes, for 
example, one resorting to a peltier device or to a low and 
high temperature external circulating system having a 
combination of a refrigerant circulating system and a 
heating coil, and one having an aluminum block provided 
with a refrigerant channel and a heater attached to the 
aluminum block. 

However, the temperature regulator resorting to a 
peltier device failed to provide effective means, since 
the device involves problems that it has insufficient 




power relative to the quantity of sample contained in each 
sample container and cannot provide a sufficient 
temperature range, and that the device is expensive and 
has poor durability. In the temperature regulator 
resorting to a low and high temperature external 
circulating system, its possible temperature regulating 
range depends upon the kind of the fluid to be circulated 
(circulating fluid) , and in the case of circulating fluid 
commonly used have temperature regulating ranges of -60°C 
to +65°C, -40°C to +120°C, +10°C to +200°C and +50°C to 
+250°C respectively. A temperature control beyond these 
ranges requires replacement of the circulating fluid. In 
addition, in the case of the low and high temperature 
external circulating system, the temperature of several 
liters of circulating fluid must be changed when the 
preset temperature range is to be changed, and the speed 
of increasing and decreasing the temperature is extremely 
low. Thus, a plurality of sample containers set in one 
aluminum block are caused to have the same temperature. 
Therefore, if temperatures of a plurality of sample 
containers are to be regulated at different levels, it 
requires a plurality of aluminum blocks heated or cooled 
to different temperatures, respectively. 

In the temperature regulator having an aluminum block 
provided with a refrigerant channel and a heater attached 
to the aluminum block, the refrigerant in the refrigerant 
channel deprives of the heat of the heater, when the 
aluminum block is heated after cooling, to lower the 
heating rate of the aluminum block and to increase the 
temperature of the refrigerant, lowering cooling 
efficiency of the refrigerant circulating system. In 
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addition, in this temperature regulator, if the heating 
temperature is higher than the boiling point of the 
refrigerant, the heating causes boiling of the refrigerant. 
Therefore, heating must be carried out after the 
refrigerant is discharged, or the refrigerant must be 
replaced with one having a higher boiling point. 

Further, in the temperature regulator having an 
aluminum block provided with a refrigerant channel and a 
heater attached to the aluminum block, the heater gives a 
large quantity of heat to the refrigerant. Therefore, in 
the case where a plurality of aluminum blocks are arranged 
and are set to have different temperatures respectively, 
if there is a very great difference between the preset 
temperatures of the adjacent aluminum blocks, these 
aluminum blocks influence each other through the 
refrigerant, impeding accurate temperature regulation. 
Therefore, it is difficult to maintain the aluminum blocks 
at different temperatures respectively for a long time 
unless the preset temperature ranges in the aluminum 
blocks do not differ greatly. 

Further, it is not desired in an organic synthesis 
experiment that vaporized components formed by the heat of 
reaction mixtures in a sample container be released into 
the atmosphere. Therefore, a refluxing treatment is 
necessary so as to convert the vaporized component into 
the form of liquid and return it to the sample container 
by cooling a glass reflux column attached to the top of 
the sample container. In the case where a plurality of 
sample containers are subjected to refluxing treatment, a 
cooling mechanism including a water cooling pipe is 
attached to the reflux column mounted on each sample 
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container, so that the greater the number of the sample 
containers is, the more troublesome become installation 
and removal of the reflux columns and cooling mechanisms. 
Besides, if the sample containers each having a reflux 
column and a cooling mechanism are subjected as such to 
shaking, a strong shaking treatment can break the reflux 
columns and the cooling mechanisms. 

A first object of the present invention is to provide 
a durable sample temperature regulator having a wide 
temperature regulating range, high heating capacity and 
high cooling capacity and also having a simple and compact 
structure . 

A second object of the present invention is to 
provide a sample temperature regulator capable of 
regulating temperatures of a plurality of samples 
independent of one another. 

A third object of the present invention is to provide 
a sample temperature regulator, which can also achieve 
refluxing treatment of samples. 

DISCLOSURE OF THE INVENTION 

The sample temperature regulator according to the 
present invention contains a heating block having a sample 
container holding section and a temperature-controllable 
heater and a cooling block having a cooling mechanism. 
According to a first aspect of the present invention, the 
heating block and the cooling block are combined with each 
other through a connecting plate which is made of a 
material having a thermal conductivity lower than that of 
the heating block and that of the cooling block. According 




to a second aspect of the present invention, the heating 
block and the cooling block are combined directly with 
each other, and the cooling block is made of a material 
having a thermal conductivity lower than that of the 
heating block. 

The sample temperature regulators according to these 
aspectkeach have a simple structure and are resistant to 
impacts artd vibrations, durable and inexpensive, since the 
k^i^g blockVnd the cooling block are combined with each 
other. Even if ui^e heating block and the cooling block are 
combined with each other, the connecting plate made of a 
material having a therrH^l conductivity lower than that of 
the heating block and thaK^of the cooling block or the 
cooling block made of a maten^l having a thermal 
conductivity lower than that of T^ie heating block limits 
the rate of heat transfer from the fixating block to the 
cooling block, so that the temperature of the heating 
block can be regulated at a predetermined pb^set level 
while the temperature of the cooling block is maintained 
for a long time. ^ 

In this temperature regulator, a material having a 
thermal conductivity lower than that of the heating block 
is interposed between the heating block and a cooling 
mechanism, so that the refrigerant for cooling the cooling 
block is kept unsusceptible to the heat from the heating 
block. Thus, this temperature regulator can readily start 
cooling down of the heating block without waiting cooling 
of the heated refrigerant as has been necessary in the 
conventional temperature regulators. If the heating block 
is cooled to a preset temperature, the temperature of the 
heating block is maintained under temperature control of 
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the heater. Further, when the heating block is heated, it 
can be heated at a high heating rate, because the 
refrigerant does not deprive of the heat of the heater. 

Therefore, this temperature regulator carries out 
heating and cooling at high rates respectively compared 
with the conventional temperature regulators and can carry 
out accurate temperature regulation over a wide 
temperature range. Further, there is no need of replacing 
the refrigerant depending on the temperature range, the 
q temperature regulator takes no trouble with cooling and 

£ heating. In addition, the higher the performance of the 

01 cooling equipment to be used, the higher becomes the 

yj cooling capacity. Use of cooling equipment having higher 

jTy performance can give a cooling capacity in proportion to 

it. 

fU In each of the above two aspects of the present 

q invention, it is possible to combine the cooling block 

^ with a plurality of heating blocks. According to this 

aspect, since the heating blocks and the cooling block 
hardly affect each other thermally, the heating blocks can 
be preset at different temperatures respectively and that 
a single temperature regulator can carry out more than one 
pattern of temperature regulation simultaneously and 
independently. Further, since the temperature regulators 
are compact, they serve many uses in applications to 
temperature regulating- sections of thermostats and organic 
synthesizers and are also useful as temperature regulating 
sections of automated machinery. 

If the cooling block is provided with a refluxing 
block to be brought into contact with upper parts of 
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sample containers, the upper parts of the sample 
containers can be cooled with refluxing equipment having a 
simple structure. Further, the refluxing equipment having 
such a structure is resistant to vibrations. In addition, 
the temperature of the refluxing block can be reduced to 
around that of the cooling block, and if the cooling block 
is cooled to a cryogenic temperature, the refluxing 
temperature can be maintained at a low level. Thus, the 
temperature regulator can show increased refluxing 
performance in spite of its compact structure. 

Here, the sample containers in the present invention 
include, for example, test tubes, micro-tubes, micro- 
plates and flasks. Heaters employable in the present 
invention include a cartridge heater which can be plugged 
into a socket formed in the heating block as well as the 
panel heater as illustrated in an embodiment to be 
described below. Cooling mechanisms employable in the 
present invention include liquid or vapor form 
refrigerants and a peltier device as illustrated in 
embodiments to be described below. 

Liquid form refrigerants include antifreezing fluids 
such as alcohols (ethanol, methanol, etc.), ethylene 
glycol and an aqueous solution thereof, propylene glycol 
and an aqueous solution thereof, silicone oils and 
fluorinated inert fluids. Meanwhile, vapor form 
refrigerants suitably employed here include, for example, 
chlorof luorocarbon gases (Freon R22, R23, R134A, etc.), 
ethylene gas (R1150 etc.), propane gas and methane gas, 
and further a vapor of an inert liquefied gas such as 
liquid nitrogen and liquid argon. 



Temperature-detecting sensors of the heating blocks 
employable in the present invention include panel sensors 
to be applied to the wall surface of each heating block as 
well as cartridge sensors to be plugged into a socked 
defined in each heating block as illustrated in an 
embodiment to be described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partly sectional plan view showing 
schematically the temperature regulator according to a 
first embodiment of the present invention; 

Fig. 2 is a partly sectional front view of the first 
embodiment; 

Fig. 3 is a partly sectional side view of the first 
embodiment; 

Fig. 4 is a partly sectional plan view showing 
schematically the temperature regulator according to a 
second embodiment of the present invention; 

Fig. 5 is a partly sectional plan view showing 
schematically the temperature regulator according to a 
third embodiment of the present invention; 

Fig. 6 is a partly sectional plan view showing 
schematically the temperature regulator according to a 
fourth embodiment of the present invention; 

Fig. 7 is a partly sectional side view showing 
schematically the temperature regulator according to a 
fifth embodiment of the present invention; 



Fig. 8 is a partly sectional plan view of the 
refluxing block in the fifth embodiment; 

Fig. 9 is a partly sectional view showing a state of 
contact between a test tube and a ring in the fifth 
embodiment; 

Fig. 10 is a partly sectional side view showing 
schematically the temperature regulator according to a 
sixth embodiment of the present invention; 

Fig. 11 is a partly sectional plan view showing 
schematically the temperature regulator according to a 
seventh embodiment of the present invention; and 

Fig. 12 is a partly sectional side view of the 
seventh embodiment . 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be described below 
specifically by way of first to seventh embodiments 
referring to the drawings. It should be noted here that in 
these embodiments, common elements are affixed with the 
same reference numbers respectively, and they will be 
described simply, as necessary. 

The temperature regulators 1 shown in these 
embodiments each contain a heating block 3 for holding a 
test tube 2; a cooling block 4 for cooling the test tube 
2; and a refluxing block 5, standing on the cooling block 
4, to be brought into contact with an upper part of the 
test tube to support it. 



The heating block 3 is a cube made of a metal such as 
an aluminum alloy and has a holding hole 6 for holding the 
test tube 2 formed on the upper surface, a panel heater 7 
attached to a side face and a temperature-detecting 
cartridge sensor 9 plugged into a socket 8. The heater 7 
and the sensor 9 are connected to a temperature controller 
10 so that the temperature of the heater 7 can be 
controlled based on the temperature detected by the sensor 
9. The cooling block 4 is a square column made of a metal 
such as an aluminum alloy and has a cooling mechanism 11 
for cooling it. 

The refluxing block 5 contains a prop 12 removably 
set to stand on the cooling block 4 and an arm 13 
protruding from the top of the prop 12 toward above the 
heating block 3. The arm 13 has an insertion hole 14 for 
admitting the test tube 2. The insertion hole 14 opposes 
the holding hole 6 of the heating block. The test tube 2 
held in the holding hole 6 is brought into contact at the 
upper part with the wall of the insertion hole 14. The 
cold temperature of the cooling block 4 is transferred 
through the prop 12 and the arm 13 to the upper wall of 
the test tube 2 to cool it. This cooling treatment effects 
condensation of vaporized sample components in the test 
tube 2 formed by heating with the heater 7, and the 
condensate is refluxed to the sample in the test tube 2. 

While the embodiments of the present invention have 
the basic constitution as described above, in each of the 
temperature regulators 1 in the first to sixth embodiments, 
the heating block 3 and the cooling block 4 are combined 
with each other through a laminar connecting plate 15. The 
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connecting plate 15 is made of a material having a thermal 
conductivity lower than those of the blocks 3 and 4. The 
material employed for this .connecting plate 15 suitably 
includes synthetic resins such as a fluororesin, a 
polyolefin resin and a silicone resin; synthetic rubbers, 
glass and metals. Here, the blocks 3 and 4 may be made of 
a synthetic resin having a thermal conductivity value 
higher than that of the connecting plate 15. 

The cooling mechanism 11 in the temperature regulator 
1 according to the first embodiment shown in Figs. 1 to 3 
has a circulating passage containing a refrigerant channel 
16 defined longitudinally through the cooling block 4; an 
antifreeze cooling unit 17; a pipe 19 connecting the 
antifreeze cooling unit 17 to an inlet of the refrigerant 
channel 16 through a circulating pump 18; and a pipe 20 
connecting an outlet of the refrigerant channel 16 to the 
antifreeze cooling unit 17. The cooling block 4 is cooled 
during the process that the antifreezing fluid supplied as 
a low-temperature refrigerant from the antifreeze cooling 
unit 17 flows from the inlet to the outlet of the 
refrigerant channel 16. Here, as the antifreeze cooling 
unit 17, for example, one having an antifreeze tank 21 and 
a cooler 22 disposed under the tank 21, as shown in Fig. 1, 
can be used. 

The cooling mechanism 11 of the temperature regulator 
1 according to the second embodiment shown in Fig. 4 has a 
circulating passage containing a metal pipe 32 with a 
closed end fitted in a through hole 31 defined 
longitudinally through the cooling block 4; a refrigerant 
injecting pipe 33 inserted to the metal pipe 32 through 
its opening to the closed end of the pipe 32; a vapor 
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refrigerant cooling unit 34; a pipe 35 connecting the 
.vapor refrigerant cooling unit 34 to the refrigerant 
injecting pipe 33; and a pipe 36 connecting the opening of 
the metal pipe 32 to the vapor refrigerant cooling. unit 34. 
In the cooling block 4, the vapor refrigerant supplied 
from the vapor refrigerant cooling unit 34 and injected 
from the tip of the refrigerant injecting pipe 33 is 
cooled while it flows through the metal pipe 32 along the 
bottom to the opening thereof. As the vapor refrigerant 
cooling unit 34, there may be employed, for example, an 

„ immersion cooler provided with a cooling unit 37, as shown 

S in Fig. 4. 

p_ The cooling mechanism 11 of the temperature regulator 

ft] 1 according to the third embodiment, shown in Fig. 5, 

yi contains a refrigerant channel 41 defined longitudinally 

O through the cooling block 4; a low-temperature vapor 

s ry refrigerant generator 42; a pipe 44 connecting a heating 

t section 43 of the low-temperature vapor refrigerant 

H generator 42 to an inlet of the refrigerant channel 41; 

and an exhaust pipe 45 connected to an outlet of the 
refrigerant channel 41. In the cooling block 4, the 
liquefied gas vaporized under heating in the heating 
section 43 is cooled while it flows from the inlet to the 
outlet of the refrigerant channel 41. Here, the liquefied 
gas serving as the low-temperature refrigerant is stored, 
for example, in a tank 4 6 in the low-temperature vapor 
refrigerant generator 42, as shown in Fig. 5. 

The cooling mechanism 11 of the temperature regulator 
1 according to the fourth embodiment shown in Fig. 6 is a 
peltier device 51 connected to the rear side of a solid 
cooling block 4. Here, energization of the peltier device 
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51 brings a cooling side to the cooling block 4. 

It should be noted here that the temperature 
regulators 1 in the second, third and fourth embodiments 
may be provided with refluxing blocks 5 respectively. 

In the temperature regulators 1 in the first to 
fourth embodiments, the connecting plate 15 in each 
temperature regulator 1 has a thermal conductivity lower 
than those of the blocks 3 and 4, so that it slows down 
transfer of heat between these blocks 3 and 4. In addition, 
the heat transmission rate can be regulated by changing 
the thickness or the material of the connecting plate 15. 

In these temperature regulators 1, since the cooling 
block 4 in each temperature regulator 1 is normally cooled, 
the temperature of the heating block 3 can be lowered to 
around that of the cooling block 4 by the cold temperature 
from the cooling block 4, when the heater 7 is not 
actuated. Therefore, these temperature regulators 1 can 
each achieve cooling of the heating block 3 speedily 
compared with the conventional temperature regulators 
which cool heating blocks under atmospheric condition and 
can also set the heating block 3 at a desired temperature 
by actuating the heater 7. 

In addition, transfer of heat between the blocks 3 
and 4 occurs slowly in these temperature regulators 1, so 
that. the rate of increasing and decreasing the temperature 
of the heating block 3 is low and that each temperature 
regulator 1 can maintain preset temperatures of the 
heating block 3 and cooling block 4 for a long time 
respectively to show high heating and cooling capacities 



over the prior art temperature regulators. Further, based 
on the same reason, the temperature regulating range can 
be widened, and switching between cooling and heating can 
be facilitated requiring no operation of drawing or 
replacing the refrigerant. Since the heating block 3 and 
the cooling block 4 are combined with each other, the 
temperature regulator 1 has a simple structure, resistance 
to impact and vibration, durability and high temperature 
setting accuracy. Therefore, unattended or automatic 
heating and cooling operations are ensured, so that the 
temperature regulator 1 can be applied to a reacting block 
of a programmed organic synthesizer. 

Meanwhile, as shown in Figs. 1 to 6, in each of the 
temperature regulators 1 of the first to fourth 
embodiments, even if the cooling block 4 is combined with 
a plurality of heating blocks 3, the connecting plates 15 
interposed between the respective heating blocks 3 and the 
cooling block 4 reduce the influence of heat among the 
heating blocks 3. Thus, preset temperature ranges of the 
respective heating blocks 3 can be widened. Besides, the 
heating blocks 3 can be preset at different temperatures 
respectively, and a single temperature regulator 1 can 
achieve more than one pattern of independent temperature 
regulation. . Further, since the temperature regulator 1 has 
a compact constitution, it serves many uses in 
applications to temperature regulating sections of 
thermostats and organic synthesizers and is also useful as 
temperature regulating sections of automated machinery. 

Further, use of the refluxing block 5 enables 
refluxing of vaporized components without using the 
conventional reflux column. The temperature of the 
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refluxing block 5 can be reduced to around that of the 
cooling block 4, and if the cooling block 4 is cooled to a 
cryogenic temperature, it can improve refluxing efficiency, 
so that the temperature regulator shows, in spite of its 
compact structure, high refluxing performance over the 
conventional temperature regulators. Thus, this achieves 
simplification of the structure of the temperature 
regulator 1 and allows it to have resistance to vibration, 
so that refluxing can be carried out under shaking, and 
that the temperature regulator 1 is conveniently used as a 
thermostatic section in liquid phase/solid phase 
synthesizers utilized in the field of combinatorial 
chemistry. 

In the temperature regulators 1 according to the 
fifth embodiment of the invention shown in Figs. 7 to 9, a 
coiled metallic ring 62 is fitted in a circumferential 
groove 61 formed on the wall of the insertion hole 14 of 
the refluxing block 5. In this embodiment, the metallic 
ring 62 flexes, when a test tube 2 is inserted to the 
insertion hole 14. The thus flexed ring 62 is brought into 
contact with the wall of the circumferential groove 61 and 
with the outer wall of the test tube 2 fully over the 
circumferences respectively, as shown in Fig. 9. The 
metallic ring 62 increases the contact area between the 
test tube 2 and the inner circumferential wall of the arm 
13 to increase the rate of conduction of heat to the test 
tube 2 and enhance the refluxing efficency. The ring 62 
also prevents backlash of the test tube 2 being held to 
improve the efficiency of shaking operation. 

Meanwhile, like in a sixth embodiment shown in Fig. 
10, a metallic ring 63 like the ring 62 may be fitted in a 
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circumferential groove 64 formed on the inner 
.circumferential wall of the holding hole 6 of the heating 
block 3 so as to improve the efficiency of heating the 
test tube 6. In this case, it is of course possible to fit 
a ring 62 in the circumferential groove 61 of the 
refluxing block 5. 

The fifth and sixth embodiments can of course be 
applied to the temperature regulators of the first to 
fourth embodiments . 

Figs. 11 and 12 show the seventh embodiment of the 
present invention. In the temperature regulator 1 of this 
embodiment, the cooling block 4 is combined directly with 
a plurality of heating- blocks 3- The cooling block 4 in 
this embodiment is made of a material having a thermal 
conductivity lower than that of the heating block 3, for 
example, of the same material as the connecting plate 15. 
The cooling block 4 in this embodiment exhibits the same 
actions and effects as those of the connecting plates 15 
in the first to fourth embodiments. Here, while the 
cooling mechanism 11 employed in the seventh embodiment is 
the same as in the first embodiment, it is of course 
possible to use one of the cooling mechanisms in the 
second to fourth embodiments. Further, the fifth or sixth 
embodiment can of course be applied to the seventh 
embodiment . 

Each of the temperature regulators 1 in the above 
embodiments can be used in the absence of the refluxing 
block. Further, the sample containers include, in addition 
to test tubes, for example, micro-tubes, micro-plates and 
flasks. Furthermore, depending on the type of sample 
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container, each heating block may be designed to have a 
flat upper surface in place of the holding hole 6 so that 
the sample container can be placed thereon. 
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